The CMS Collaboration* † The Higgs boson was postulated nearly five decades ago within the framework of the standard model of particle physics and has been the subject of numerous searches at accelerators around the world. Its discovery would verify the existence of a complex scalar field thought to give mass to three of the carriers of the electroweak force-the W + , W -, and Z 0 bosons-as well as to the fundamental quarks and leptons. The CMS Collaboration has observed, with a statistical significance of five standard deviations, a new particle produced in proton-proton collisions at the Large Hadron Collider at CERN. The evidence is strongest in the diphoton and four-lepton (electrons and/or muons) final states, which provide the best mass resolution in the CMS detector. The probability of the observed signal being due to a random fluctuation of the background is about 1 in 3 × 10 6 . The new particle is a boson with spin not equal to 1 and has a mass of about 125 giga-electron volts. Although its measured properties are, within the uncertainties of the present data, consistent with those expected of the Higgs boson, more data are needed to elucidate the precise nature of the new particle. T he standard model (SM) of particle physics (1-3) describes the fundamental particles, quarks and leptons, and the forces that govern their interactions. Within the SM, the photon is massless, whereas the masses of the other carriers of the electroweak force, the W ± and Z 0 gauge bosons, are generated through a symmetry-breaking mechanism proposed by three groups of physicists (Englert and Brout; Higgs; and Guralnik, Hagen, and Kibble) (4) (5) (6) (7) (8) (9) . This mechanism introduces a complex scalar field, leading to the prediction of a scalar particle: the SM Higgs boson. In contrast, all known elementary bosons are vector particles with spin 1. In the SM, the scalar field also gives mass to the fundamental fermions through a Yukawa interaction (1) (2) (3) . The Higgs boson is predicted to decay almost instantly to lighter particles.
The theory does not predict a specific mass for the Higgs boson. Moreover, the properties of the Higgs boson depend strongly on its mass. General arguments indicate that its mass should be less than about 1 TeV (10-13), although searches for the SM Higgs boson conducted before those at the Large Hadron Collider (LHC) have excluded the mass region below 114.4 GeV (14) . Searches at the Tevatron have excluded a narrow mass region near 160 GeV (15) and recently reported an excess of events in the range from 120 to 135 GeV (16) (17) (18) .
The LHC is installed in a circular tunnel 27 km in circumference and 100 m underground, straddling the border between France and Switzerland, near Geneva (19) . The LHC accelerates clockwise and counterclockwise beams of protons before colliding them head on. These collisions were at a total center-of-mass energy of 7 TeV in 2011 and 8 TeV in 2012, the highest energies reached to date in a particle accelerator. These high-energy collisions enable the production of new, and sometimes very heavy, particles by converting energy into mass in accordance with Einstein's well-known formula E = mc 2 . The LHC can produce all known particles, including the top quark, which, with a mass of about 173 GeV, is the heaviest known elementary particle. It was predicted that the SM Higgs boson could also be produced at the LHC if it has a mass less than about 1 TeV.
The SM predicts the cross section for the production of Higgs bosons in proton-proton collisions as a function of its mass. The cross section increases with the center-of-mass energy of the collision and decreases with increasing Higgs mass. Despite the high collision energy, the predicted probability of Higgs boson production is extremely small, about 10 −10 per collision. Thus, to detect a significant number of Higgs bosons a huge number of collisions must be analyzed, which requires very high luminosity. The maximum instantaneous luminosity achieved so far is 7.6 × 10 33 cm
, close to the LHC peak design value that was not expected to be attained until 2015. This was achieved by having 1368 bunches of protons in each beam, spaced 50 ns apart (corresponding to a separation of about 16 m), with each bunch containing about 1.5 × 10
11 protons squeezed to a transverse size of about 20 mm at the interaction point. Each bunch crossing yields more than 20 proton-proton collisions on average. The multiple collisions per bunch crossing, known as pileup, are initially registered as a single collision event by the detectors. Resolving the individual collisions within these events is an important challenge for the detectors at the LHC. The Compact Muon Solenoid (CMS) detector surrounds one of the LHC's interaction points. Heavy particles, such as SM Higgs bosons, created in LHC collisions will typically be unstable and thus rapidly decay into lighter, more stable particles, such as electrons, muons, photons, and hadronic jets (clusters of hadrons travelling in a similar direction). These long-lived particles are what CMS detects and identifies, measuring their energies and momenta with high precision in order to infer the presence of the heavy particles produced in the collisions. Because the CMS detector is nearly hermetic, it also allows for the reconstruction of momentum imbalance in the plane transverse to the beams, which is an important signature for the presence of a neutrino (or a new, electrically neutral, weakly interacting particle) in the collision.
We report the observation of a new particle that has properties consistent with those of the SM Higgs boson. This paper provides an overview of the experiment and results that are described in greater detail in (20 , where g denotes a photon, Z and W denote the force carriers of the weak interaction, b denotes a bottom quark (and b its antiquark), and t denotes a tau lepton. In the following, we omit the particle charges and use b to refer to both the quark and antiquark. The unstable W, Z, b, and t particles decay to final states containing electrons, muons, neutrinos, and hadronic jets, all of which can be detected (directly or, in the case of neutrinos, indirectly) and measured with the CMS detector. An independent observation was made by the ATLAS collaboration (21, 22) , which further strengthens our interpretation.
Overview of the CMS detector. The CMS detector measures particles produced in highenergy proton-proton and heavy-ion collisions (23) . The central feature of the detector is a superconducting solenoid 13 m long, with an internal diameter of 6 m. Within its volume it generates a uniform 3.8-T magnetic field along the axis of the LHC beams. Within the field volume are a silicon pixel and strip tracker, a lead tungstate (PbWO 4 ) scintillating crystal electromagnetic calorimeter, and a brass/scintillator hadron calorimeter (HCAL). Muons are identified and measured in gas-ionization detectors embedded in the outer steel magnetic-flux-return yoke. The detector is subdivided into a cylindrical barrel part and endcap disks on each side of the interaction point. Forward calorimeters complement the coverage provided by the barrel and endcap detectors. The CMS detector has a large angular acceptance, detecting particles over the full azimuthal range and with q larger than 0.8°, where q is the polar angle relative to the beam axis. Figure 1 shows the CMS detector and its main components.
The 66 million silicon pixels and 9.3 million silicon strips forming the tracker are used to determine the trajectories of charged particles. The multilayer silicon detectors provide accurate tracking of charged particles with excellent efficiency, which is especially important for the high-pileup conditions at the LHC. The magnetic field curves the trajectories of charged particles, allowing the measurement of their momenta. The track-finding efficiency is more than 99%, and the uncertainty in the measurement of transverse momentum, p T (projection of the momentum vector onto the plane perpendicular to the beam axis), is between 1.5 and 3% for charged tracks of p T~1 00 GeV. By extrapolating tracks back toward their origins, the precise proton-proton interaction points, or collision vertices, can be determined. Decay vertices of long-lived particles containing heavy-quark flavors, such as B mesons, can similarly be identified and reconstructed. Such "b-tagging" is particularly useful in searches for previously unobserved particles, such as the Higgs boson.
The electromagnetic calorimeter (ECAL) absorbs photons and electrons. These produce showers of particles in the dense crystal material, which yield scintillation light detected by photodetectors glued to the rear faces of the 75,848 crystals. The amount of light detected is proportional to the energy of the incoming electron or photon, allowing their energies to be determined with a precision of about 1% in the region of interest for the analyses reported here. Because electrons are charged particles, they can be discriminated from photons by matching the ECAL signal with a track reconstructed in the tracker.
Hadrons can also initiate showers in the ECAL, but they generally penetrate further into The solenoid is surrounded by a large detector system that identifies and measures momenta of muons. It comprises three different types of gasionization detectors that enable muon momenta to be measured with a precision of less than 1% in the region of interest relevant for the search presented here.
The combination of information from all detectors is used to reconstruct the particle content in a collision event through an algorithm known as particle flow. The quarks and gluons, created in a hard collision of the constituents of the protons, combine and form jets of collimated hadrons in the detector. Once reconstructed from data, the jet energy is calibrated to provide an accurate measurement of the energy of the underlying quark or gluon. A vector sum of the momenta of all visible particles is computed, and the missing transverse momentum deduced from momentum conservation leads to the inference of the presence of undetected particles, such as neutrinos.
Although the LHC typically produces close to half a billion collisions in roughly 20 million bunch crossings per second, only a tiny fraction of these contain potentially interesting new phenomena, so it is neither necessary nor feasible to record all of the data from every single collision. CMS uses a two-level online trigger system to reduce the event rate from about 20 MHz to about 500 Hz, keeping only those events that are worthy of further investigation. The first level uses custom electronics close to the detector to analyze coarse information from the calorimeters and muon detectors to reduce the rate to 100 kHz or less. The second level uses a computing farm of 13,000 processor cores to analyze the full information from all subdetectors in order to make the final decision on whether to record an event. CMS has thus far selected several billion events, corresponding to more than 4 petabytes of stored event data. The recorded events are sent to computing centers at CERN and around the world to fully reconstruct the particles produced in each collision and allow subsequent analyses.
Searching for the SM Higgs boson. At the LHC, the SM Higgs boson should be produced most efficiently through gluon-gluon fusion: Gluons from each of the colliding protons fuse together to form a Higgs boson. Two additional important production processes are vector boson fusion (VBF), where quarks inside the protons emit W or Z bosons that fuse to form the Higgs boson, and associated production (VH), where a vector boson V (either a W or Z) is produced together with the Higgs boson. The interacting quarks in the VBF events also give rise to highenergy jets produced at small angles that can be detected and used to help identify this event type. Both VBF and VH events have better signal-tobackground ratios relative to gluon fusion but occur far less frequently (24) (25) (26) (27) (28) .
For every inverse femtobarn (fb −1 = 10
) of integrated luminosity at the LHC, about 20,000 SM Higgs bosons are expected to be produced if the Higgs mass is close to 125 GeV. The majority of these decay to final states that have large backgrounds, making identification difficult or impossible. Dedicated methods have been developed to exploit channels with lower decay fractions by selecting certain kinematical regions of the decay products where the signalto-background ratio is sufficiently large to make the observation of SM Higgs bosons possible. Extensive use is made of particle-isolation criteria to reject the high-rate jet background, because, in general, the particles from Higgs decays appear relatively isolated from each other and other particles in the detector.
Billions of detailed simulated events have been generated to develop and refine the analysis (29) (30) (31) (32) . Samples of simulated events reconstructed with the same software as used for the LHC data allow, for example, the estimation of background yields or the prediction of the expected significance for the observation of new particles. However, in the presented analyses the background estimations are derived mostly from the control samples in data.
We studied five SM Higgs decay modes: H→gg, H→ZZ, H→WW, H→tt, and H→bb. The gg, ZZ, and WW channels are of comparable sensitivity in the search for a Higgs boson with a mass around 125 GeV and are more sensitive than the bb and tt channels. Both the gg and ZZ channels provide precise mass measurements of the parent particle. The presence of an SM Higgs boson decaying to these final states would appear as relatively narrow peaks in the invariant mass spectra of gg and ZZ.
An integrated luminosity of 5.1 fb −1 was collected by CMS in 2011 at 7 TeV, allowing a first thorough investigation into the existence, or nonexistence, of the SM Higgs boson over a wide mass range. This led to CMS's first significant exclusion of the SM Higgs boson in the mediumand high-mass region between 127 and 600 GeV (33) (34) (35) (36) (37) (38) . Data from the ATLAS experiment excluded a similar region (39) . This left a small window where a low-mass SM Higgs boson could still exist.
In the low-mass region below 127 GeV, the 2011 data analyses also showed an excess over the background-only expectation in the vicinity of 124 GeV. ATLAS observed a similar excess at around the same mass value (39) . The observed excess in CMS was inconclusive, being around three standard deviations (3s) above the background-only expectation. After taking into account the possibility that a signal-like excess could appear randomly in the data between 110 and 145 GeV (the look-elsewhere effect), this significance was reduced to about 2s. Therefore, there was still a nonnegligible chance that this excess could be due to a random upward fluctuation in the background, making it look like a signal. More data were needed to establish whether this excess was genuine or not. It was predicted that, in the case of a Higgs boson signal, around 10 fb −1 more data would be required to reach a statistical significance of around 5s. However, the LHC operation at 8 TeV in 2012 (giving a 20% increase in Higgs boson production cross section compared to 7 TeV), coupled with improved analyses with 20 to 30% higher sensitivity, reduced this additional required luminosity to around 5 fb Because the 2011 analysis (33) (34) (35) (36) (37) (38) showed an excess of events at about 125 GeV and to avoid a potential bias in the choice of selection criteria for the 2012 data that might artificially enhance this excess, we performed the analysis of the 2012 data "blind": The region where the signal may be present was not examined until after all the analysis criteria had been fully scrutinized and agreed upon within the collaboration.
Search for the SM Higgs boson decay into two photons. The predicted probability for a 125-GeV SM Higgs boson to decay into two photons is about 0.3%. Yet this decay mode is one of the most important, because both photons can be measured very accurately in the CMS ECAL and the backgrounds can be precisely estimated. The presence of a signal would manifest itself as a narrow peak above a smoothly falling background in the invariant mass distribution of the two photons.
The energy resolution and precise knowledge of the absolute energy scale of the ECAL are key elements of this analysis. These were achieved by calibrating each channel of the ECAL in situ, using diphoton decays of p 0 and h 0 , for example. The stability of the ECAL response was ensured by the use of a sophisticated real-time monitoring procedure that corrects any deviations with a precision of a few per mill. Decays of Z bosons into electron pairs were then used to determine the energy resolution and energy scale, taking advantage of the precise knowledge of the Z mass and width.
An additional challenge is to determine from which of the many collision vertices in the event the two photons originate, which affects the precision of the mass measurement of the parent particle. The collisions occurring in a single LHC bunch crossing, as many as 40 in 2012, are spread over a distance of about 10 cm along the beam axis at the center of CMS. Because photons do not leave tracks in the detector, there can be ambiguity as to which collision vertex they belong to. A variety of techniques were used to determine the diphoton vertex, including use of event kinematics and an understanding of photon conversions into electron pairs.
Multivariate analyses (40, 41) based on boosted decision trees were used to identify the photons and to extract their energies and uncertainties on a photon-by-photon basis. To optimize sensitivity, we categorized diphoton events into four classes with decreasing restrictions on the quality according to many variables, including the uncertainty on the diphoton mass measurement, the kinematics of the photons, and whether the photons convert into electron pairs in the material before reaching the ECAL. For example, events where both photons are in the central region of CMS and do not convert into electron pairs in the tracker were given the highest classification because they are the most precisely measured. We also included additional classes for diphoton events that have two additional jets with properties consistent with those expected for the VBF production process.
Photons of high quality (determined from the spatial distribution of electromagnetic showers and isolation criteria) were selected with energies above 30 to 40 GeV, depending on the event class. Figure 2 shows the diphoton invariant mass spectrum from all the data collected by CMS from 2011 to mid-2012, after selections as defined in (20) . The spectrum was built up from the event classes, with each class weighted by the ratio of the signal to signal-plus-background estimated from simulation. An excess was observed at 125 GeVon an otherwise smoothly falling background spectrum. The background consists mostly of collisions where two photons are produced in SM processes and a smaller fraction from events where at least one of the photon signals is not genuine but originates from the debris of jets.
The observed excess is consistent in shape and size with that expected for diphoton decays http://science.sciencemag.org/ of SM Higgs bosons. To evaluate the significance of the signal, we fitted the background spectrum over the whole mass range with a fifthorder polynomial function (or a third-order polynomial for the VBF categories) and measured the magnitude of the excess above the background. The diphoton decay mode has a signal significance of 4.1s relative to the backgroundonly hypothesis. This excess is present in both 2011 and 2012 data and is consistent between the two data sets.
The observation of the diphoton final state also implies that the new particle is a boson and has an integer spin different from unity (42, 43) .
Search for the SM Higgs boson decay into two Z bosons. If the SM Higgs boson has a mass of 125 GeV, about 2.6% of them are predicted to decay into two Z bosons. At least one of the Z bosons is necessarily virtual, that is, it has a different mass than the 91 GeV Z mass. The Z bosons each decay into pairs of leptons or quarks. We concentrate on the Z decays into leptons, particularly electrons (e) and/or muons (m), because these have the smallest SM backgrounds. In CMS, we analyzed separately the three different final states in this channel, namely 2e2m, 4e, and 4m, and then combined the results.
The invariant mass of the ZZ system can be reconstructed and measured with good accuracy in CMS from the four-lepton momenta. Hence, the presence of a Higgs boson in the data should manifest itself as a peak in the ZZ invariant mass spectrum in the presence of a small continuum background.
There are numerous SM processes (not including Higgs boson decays) that can lead to the same final states. They include direct ZZ production from quark-antiquark annihilation and gluon-gluon fusion, as well as processes involving a single Z boson produced with associated heavyquark jets and top-antitop pair-production. Apart from the rate of direct ZZ production, which we can determine accurately from simulation, the rates of other backgrounds were extracted from data.
The leptons from Z decays are, in general, well isolated in the detector; that is, their trajectories are far from the debris of jets or other particles produced in the collision. Despite the large particle multiplicity per event from pileup interactions, the overall efficiency for selecting isolated leptons remains very high.
We selected collisions with four isolated leptons originating from the same vertex, for which the transverse momentum of each muon is at least 5 GeVand of each electron is at least 7 GeV. (These criteria were determined by using a large sample of single-Z events collected in the past 2 years.) Both Z boson candidates are required to decay to two same-flavor leptons of opposite charge, and the invariant mass of the dileptons produced in the Z boson decays must be in the range from 40 to 120 GeV for the heavier of the two and 12 to 120 GeV for the lighter one. Figure 3 shows a typical event containing two reconstructed Z bosons, with a ZZ invariant mass around 125 GeV. The ZZ invariant mass spectrum for selected events is shown in Fig. 4 . Because leptons (especially electrons) can often radiate an energetic photon at an early stage of their trajectory through the detector, the energy or momentum of such leptons can be considerably underestimated. We therefore searched for energetic photons close to these leptons and added their energies when appropriate.
The invariant mass spectrum in Fig. 4 shows a Z peak at 91 GeV resulting from decays of Z bosons into two leptons and an energetic virtual photon that materializes through a second dilepton pair. There is also a statistically significant peak near 125 GeV. This completely independent analysis indicates the presence of a signal in the same region as that found in the diphoton decay mode. This is to be expected if indeed the signals correspond to the same parent particle.
The signal-to-background separation improves further by exploiting the decay kinematics expected for signal events, especially the decay angles and invariant masses of the two pairs of leptons (44) . Analyzing events in the peak at 125 GeV confirmed that many of these events have the requisite characteristics; this reinforced our interpretation that the signal is genuine. The statistical significance of the excess observed by combining data from 2011 and 2012, accounting also for the decay-angle characteristics, is 3.2s relative to the background-only hypothesis. The maximum significance occurs at a mass of 125.6 GeV.
Search for Higgs boson decays in other channels. Apart from the gg and ZZ channels discussed above, CMS also searched for decays of SM Higgs bosons to two W bosons, two t leptons, or two b quarks.
For the WW decay mode, the final states must contain two opposite-sign leptons (either electrons or muons) and significant missing transverse momentum, resulting from the undetected neutrinos from W decays. In contrast to the gg and ZZ modes, the invariant mass of the two W bosons cannot be precisely reconstructed. The potential excess in the data over the background expectation provides only a continuum instead of a sharp resonance peak. We used multivariate analysis techniques to optimize the sensitivity to a possible signal present in data. We classified the events into a number of exclusive categories, for example, according to lepton flavor content and whether there are jets present (to enhance VBF production relative to gluon fusion).
These different event classes were subject to different backgrounds and have different sensitivities. The challenge for this analysis was to estimate the backgrounds from the SM, which was generally achieved through techniques based on control regions in the data and complemented through simulation. Special attention was paid to determining the missing transverse momentum, particularly in the presence of large pileup (as in the 2012 data sample).
We selected events in which the p T of the most energetic lepton is greater than 20 GeV and that of the second-most-energetic lepton is above 10 GeV and that have missing transverse momentum typically above 20 GeV. The results of this analysis, combining all the classes across the 2011 and 2012 data, show (Fig. 5 ) a broad excess of events over the expected background, consistent with the presence of a new particle at a mass near 125 GeV. The statistical significance is about 1.5 to 2.0s relative to the background-only hypothesis.
We also explored whether this new particle decays into fermion pairs, as it would be expected to if the associated field gives mass to the fermions in addition to the W and Z bosons, by looking for instances where the particle decays into heavy fermions. The heaviest fermions into which a 125-GeV SM Higgs boson can decay are the t leptons and b quarks. The detection of t leptons is challenging because they are unstable and decay less than 10 −12 s after production, either into a lighter charged lepton (electron or muon) and neutrinos or into a neutrino and either one or three charged pions possibly accompanied by neutral pions. CMS has tools to detect and reconstruct such decays and separate these from backgrounds. Several decay channels were explored, including the combination of one t lepton decaying exclusively into leptons and the other into hadrons. A natural process to calibrate the analysis is through Z boson production, where 3.4% of the Z decays are into t + t − pairs, and CMS has successfully used this decay channel (45) .
The main challenge for this search is to assess the backgrounds, most of which are extracted using control samples in data. Different t decay channels are analyzed separately and classified accordingly, including classes with accompanying jets. The results of these individual analyses were then combined for a final result.
As in the case of the WW decay mode, the presence of neutrinos in the decay products of the t leptons prevents a full event reconstruction, and, instead of a resonance peak, a broad enhancement over background is expected. We have not yet found such an enhancement, but the current sensitivity to this channel does not exclude the presence of the SM Higgs boson. With the LHC on course to triple the integrated luminosity by the end of 2012, studies of the tt channel will become more sensitive.
Lastly, CMS conducted a search for SM Higgs bosons decaying into two b quarks. Each quark gives rise to a jet that is recognized in the analysis ("tagged") as originating from b quarks. For the tagging of b quarks, we searched for secondary vertices in the jets, caused by decays of B hadrons that travel a few millimeters before decaying. The energy of the original b quark is estimated from the energies of all the particles in its jet and has a large uncertainty. The reconstructed masses of objects obtained from these jets are therefore expected to be distributed over a region of about 20 GeV in the mass range of interest.
At low mass (below about 135 GeV), the SM Higgs boson decay into b quarks has the largest rate of the five search modes we report in this paper, and we therefore expect a large number of such decays in the data. This signal is, however, overwhelmed by a large background from SM b quark production, making the search less sensitive. To have a more favorable signal-tobackground ratio, we searched for this signal in the (rarer) associated production process involving a W or Z boson, which can be detected from their leptonic decays. We required these bosons to have transverse momenta above 50 GeV.
To minimize the background in the bb channel, we again used several mutually exclusive classes of events, which were analyzed separately. These classes are based on the transverse momentum of the jet pair and the nature and decay of the associated boson. For the final result, we combined all these channels and used all of the available data from 2011 and 2012. The result shows a small excess above the background-only expectation over a large mass range, including the region near 125 GeV. The sensitivity of this analysis is about 1.5 times lower than required for concluding whether a signal is present (as expected from SM prediction) or if the coupling to b quarks is different from what we would expect. Again, tripling the amount of collision data should be decisive.
In conclusion, neither fermion decay mode shows, at present, a statistically significant enhancement over the background-only expectation. Nevertheless, at the present level of sensitivity the results in these channels are consistent with the production of the SM Higgs boson, in agreement with observations in the other three (diboson) decay modes.
Observation of a new particle. The final result combines all the information collected through a global fit (46) to the five different search channels. The result reflects the probability for the background to deviate from the expectation by at least the observed amount, assuming the absence of the SM Higgs boson in this mass range. This probability, known as the local P value, is evaluated by using sets of simulated data that incorporate all experimental uncertainties and correlations among analyses. The result is shown (Fig. 6) for each of the five search channels individually, as well as for the combination of all five channels. For the combination the minimum P value at 125 GeV is of the order of one in three million. This probability corresponds to a local significance of 5s. The probability of observing this large a fluctuation anywhere in the mass range of 114 to 130 GeV, where the Higgs boson had not been excluded by previous data, is small and results in a global significance of 4.6s. The global significance is smaller than the local value because of the look-elsewhere effect. Both measures convincingly show that this is not a background fluctuation, but rather the observation of a new particle. The expected sensitivity with the present data for a 125 GeV SM Higgs boson amounts to a local significance of 5.8 ± 1.0s, consistent with the signal observed at 5s.
In addition to being able to say with high confidence that a new particle has been observed, and that it is a boson with spin not equal to one, we were also able to derive some of its properties, such as its mass. And, as mentioned above, once the mass is known the SM allows us to calculate many other properties, such as the fractions of Higgs bosons decaying in different ways, and compare these expectations with our measurements. This is expressed as the signal strength, that is, the measured production rate of the signal, which can be determined for each decay mode individually and for the overall combination of all channels, normalized to the predicted Higgs boson production rate. The signal strength was defined to be equal to one for the SM Higgs boson. The measured signal strength was highest in the diphoton channel, namely 1.6 ± 0.4, whereas that in the ZZ channel was 0:7 þ0:4 −0:3 . By using the high-resolution diphoton and ZZ channels discussed above, which show a resonance peak, we obtained the 68% confidence level (CL) contours for the signal strength versus the boson mass (Fig. 7 left) . We also show the combination of the diphoton and ZZ decay modes, where the relative signal strengths of these two modes are constrained by the expectations for the SM Higgs boson. To extract the value of the mass in a model-independent way, we allowed the signal yields of the combined channels to vary independently. The combined best-fit mass is 125.3 ± 0.4 (statistical) ± 0.5 (systematic) GeV.
The signal strengths for all five channels are depicted in Fig. 7 (right) . The overall combined signal strength, including all channels, is 0.87 ± 0.23. Hence, these results are consistent, within relatively large statistical and systematic uncertainties, with the expectations for the SM Higgs boson.
The CMS data also rule out the existence of the SM Higgs boson in the ranges of 114.4 to 121.5 GeV and 128 to 600 GeVat 95% CL (20) . Lower masses were already excluded by CERN's Large Electron Positron collider at the same CL (14) .
More data are needed to establish whether this new particle has all the properties of the SM Higgs boson or whether some do not match. The latter may imply new physics beyond the SM. This particle has the potential to be a portal to a new landscape of physical phenomena that is still hidden from us. The CMS experiment is in an excellent position to undertake this research in the years to come.
